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Abstract 

In a 326.000 picture exposure of the Fermilab IS’ Neon-Hydrogen Bubble 

Chub+= to the Quadrupole Triplet Neutrino Beam, 62 dimuon candidates have 

been found: 0 u+:u*. 54 u-1: and V*U-, and g P-P-. lhe p-u- candidates are 

catsistmt with background. Tbe ratio of opposite-sign dimum eve*fs to single 

- events is (0.39 * 0.10) * 10 -2 for P uyll DODentUiP c”t of 4 Gev/c. Tllere 

cre 10 P in the opposite-sign dimuon events, yielding a neutral strange 

particle rate per event of 0.6 t 0.3. 



1. Introduction 

The dominant wxhanism for the production of dimuon events in neutrino 

interactions(l-g’ . 1s believed to be charmed particle production followed by 

semi-leptonic decay. We have employed the Fermilab 15’ Bubble Chamber exposed 

to a high-ene@rgy-enhanced neutrino beam to examine the evidence for this 

mechanism and explore for new phenomena. Half (one-quarter] of the charged- 

current neutrino interactions have energies abow 70 GeV (115 CeVJ. Until 

recently, bubble chamber experiments, which can examine the details of the 

final hadronic state (for instance, the nmber of neutral strange particles (VP, 

producedf.hove primarily studied the corresponding decay into an electron. (IO-10 

Now with inproved muon identification, it is also possible for bubble cha&er 

l qaricntr to study dimuon events. U-9) allowing the simultmwws coaparison 

of the two samples in the same detector and with the same beam. In this paper. 

IO pmstnt results on dimuon ewnts; the electten results will bo published 

later. Just as with earlier experiments, (l-14) we have folnd evidence for 

chum production. Details are given in Sectian VI. The description of the 

apparatus, the technique of finding and selecting events. calculation of 

bukgwd. md the determination of the detection efficiency and rates pm 

given in Sections II-V, respectively. 

II. APDaratus 

The experiment rat arried out using the feam.illb 15’ Bubble Charber. 

plus a two-plane External Muon Identifier (EM). The bubble chamber liquid 

wu a neon (47% atomic)-hydmgen mix. which had a density, radiation length. 

md &sorption length of 0.56 g/cm’, 55 cm. and 193 cm respectively. me 
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two-plane EMI!“’ which was of prir importance to the dim- search, was an 

.xpansion and reconfiguration of the original one-plane BM1,(16’ and had 18 

m-meter-square multiwire propartiansl chambers in the first plane md 21 in 

w second plane. Additional concrete and lead were placed between the two 

pines, so that muons traverse a total of 7 to 11 absorptia! lengths before 

reaching the second plane. The bubble chamber and MI arrangement UC shorn 

in fig. 1. 

The bubble cha&er was exposed to the Quadrupole Triplet Neutrino Beam. 

In this beam, clarged picms and kaons produced at the target are focused with 

cmusntional quadrupole magnets. The target used was one interaction length 

of alminr. and the 400 &V/c incident proton beam had a typical intensity of 

1013 protons per pulse. The ratio of V- to ;-induced events in this beam is 

qpraimately 6 to 1. 7his beam emphasizes high energy neutrinos (the average 

vutzino event energy is 90 CeVJ and has a long spill (2 millisecs) which is 

iqol%ant in eliminating accidental time-coincident EFU brckgrcamd in the dimuon 

-18. The energy spectra for neutrinos and antineutrinos in this beam an 

sha in fig. 2.(” A total of 326.000 good neutrino pictures with EMI 

iaforntion was obtained. corresponding to 3.4 I lOI* protons on target. 

III. Sunning. Event Selection, and Cuts 

The film we.5 scanned for all neutral-induced events. In a 

xescu) of 20% of the film. the scanning efficiency for EMI identified charged- 

cut-tent events wes found to be 98%. The first measurement pass consisted of 

auuring all non-interacting tracks leaving the bubble chamber with an angle 

from the neutrino direction of less than 60’. These tracks wre’then 
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extapoloted to the EM1 planes and the predicted EMI positions were caparrd 

with the positions of fitted coordinates (fits) in the EMI chambers in order 

to identify muons and hence to select neutrino and antineutrinn charged-current 

events and candidete dimuon events. Events were required to be in I restricted 

fiducial volume (17.6 q 3), heving a minim- potential length to the downstream 

wall of so cm. !hwns in charged-current events were required to hen time- 

coincident matches (within 400 nsec) in each plane with a combined two-plane 

confidence level, describing the gwdness of fit of the EMl matches, greeter 

than 10-4. Muons in candidate dimuon events were required to have combined 

two-plane confidence levels greeter than 1%. Correlations between the hit 

positions in the two planes were taken into eccount in calculsting these confi- 

&nor level*. Because of lo + IN end K + yv background in dimuon events, only 

mums with muentum greeter than 4 GeV/c were considered in this paper. 

A total of 10,260 neutrino and 1.770 antineutrino charged-current (CC) 

events and 62 dimum candidates were identified (all with muon -ntann greater 

tlun 4 GeVfC). All dimuon candidates were fully uasured. as well es m mbiosed 

~-1s of 600 neutrino CC events and MO antineutrino CC events for comparison. 

The lruurernts included neutral interactions. V’*s, and converted g-as 

within 2 rediotim lengths of the primary vertex. 

IV. Backprounds 

In this section possible backgrounds to the dimuon candidates from ordinary 

CC events ere considered. Beckgmmds from neutral-current events end from 

neutral-hedron-induced cvnits ere negligible. The hadrnn contdminetinn of the 

single muon sample with the loose confidence level cut used is eppmximately 

l$. which is negligible for the purposes of this pepper. 
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A) Accidentals 

Because of the long spill, 2-3 millisec, a”d small coincidence window 

(400 N). the time-coincident accidental bsckgrormd was expected to be very 

s-11. A” erperisental check of this has been made by analyzing a subsample 

of ew”ts using EMI i”fr%mati”n from another frame. No fake dimwn events 

mm found using P low4 two-plane confidence level cut. implying less th;m 

1 eve”t background from this source in the entire sample with a 1% two-plane 

confidence level cut. 

B) Decays 

The most serious backgrotmd in the dimuon sample arises fmm normal 

charged-current events in which a produced 1 or K decays into a muon and 

neutrino. These decays also provide the mat serious background in camter 

l perinnts . However. two differences should be noted. I” the bubble chamber, 

oily pions and kaons produced in the initial neutrino interaction need be 

coaridered, and not those from secondary ha&on interactions. Cm the other 

bnd, the bubble chamber provides a relatively long flight path in la density 

nterial and hence then is a greater probability of a meson decaying before 

interaction. lbst decays in the bubble chamber are not visually recopnitable 

because of the small changes in angle and curvature. The track that is rasured 

and then extrapolated is therefore a composite of parent meson and daughter wn. 

The basic information for calculating the decay backgtwmd cars 

fm the leaving track measurements: the number of leaving prongs 

and the momentum and spatial distribution of these prongs. From this 

information and the estimated number of II and K leaving tracks in the 

leaving track snqlc. the number of decays is calculated using the 

knom lifetimes and the interaction lengths of the bubble-cha&er 
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liquid and EMI absorber. However, not all of these decays will he accepted 

into our fin*1 sample. Factors which reduce this backgromd are: a) some 

decay muons will miss the EMI, b) sore tracks rili be lost drr to EM instru- 

rntrl inefficiency, c) some tracks decaying inside the bubble chamber will 

yield a fitted w.mentm less than 4 GeV/c. d) sac tracks will fail recon- 

struction in geometry or give a visible kink in the bubble chamber, e) lany 

will yield a low two-plane confidence level. 

A l&Me Carlo program has been used to generate points in space along the 

w (or K) and p track segments for decays inside the bubble chamber in order to 

estiute soae of these factors. l71e Deasurements are processed with a geometry 

pmgmm, (lB’ which fits a single curve to the cmposite track made up of the 

two segments. The fitted track and the decay uon track 11% extrapolated to 

the EUI to determine the EMI confidence level. The effect of aaltiple Coulmb 

scattering of the muon track is included. Forr+ln, (K+u’J). 408 (6Sl) of 

the decays have an EKI confidence level less than 1%. and including all factors, 

U# (75%) of the decays are eliminated. 

To reduce the background further, identification of decays inside the 

b&ble chamber has been atteqted. A procedure for cutting back trrcks, which 

is &signed to detect significant energy loss, has been rued. The momentum 

over the first half of P track is c-pared with that for the last haIf of a 

track. If the initial momentum is greater by mre than one standard deviation. 

the track is cut back, 10% at a time, until the two momenta are within one 

standard deviation. The same Monte Carlo generated decays were used to cali- 

brate the sensitivity of this procedure for identifying decays. If only cut- 

back tracks with a 1 micron illpmvellent in residuals are considered to be 
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identified, then 18% of those r-u decays surviving all other Cuts are elitinated, 

ale only 2t of non-decay tracks arc eliminated. A total of 5 events are 

eliminated by this cut compared to the predicted loss of 3.1 CVentS: 1.3 l-e*1 

diwn events and I. 8 decay background events. 

The final backgmlnd estimate, which is shown in Table I. is made assting 

that the leaving tracks’contain 60 kaons and that the positive leaving tracks 

contain 5% protons; the remainder being pions. (19) The error of 20% on this 

estimate comes from two sources: an uncertainty in the kaon to pion ratio 

contributes P 10% error and differences in the geometrical reconstructions 

at the five laboratories contribute the remainder. 

C) Punch Thru 

Leaving hadruns may fake muons because either they penetrate the EMI 

absorber directly or their tracks give accidental spatial coincidences with 

in-tir fits in one or both EM1 planes. For simplicity. we gmup these two 

coqonents together under the name “punch thou.” There are many sources of 

time-coincident EN1 fits. Such fits are produced by decays of pion and kaon 

secondaries inside the EMI absorber as well as by remnants of hadronic showers 

from this track and all other tracks in the event, by delta-rays accompanying 

the primary muon, and by creation of spurious solutions from raw E&II encodings. 

Penetrating hadmns will have closely associated fits in the EMI, while the 

accidental spatial coincidences will be more diffuse. This diffuseness is 

eqected even for the shower of the hadron itself because the angles of hadronic 

interactions are large compared to the multiple Coulomb scattering angles. 

The background due to penctrnting hadrons is estimated by extrapolating 

(exponentially) the aaoU)t of closely associated component observed in the 
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first EMI plane into the second! EMX plane. The estimated backgmmd is less 

than one event, as expected. since the EM1 absorber is 7 to 11 CoIIision lengths 

thick. 

Tke background from accidental matches is determined using all tracks other 

than primary muon tracks with a good match in the first EMI plane. In the second 

EKI plane, the in-tiw background in a small region about these extrapolated 

tracks (within 60 cm) is nearly uniform outside the region of the signal pelk. 

We then calculate the background assuming the in-time background extrapolates 

lmifomly mder the signal peak. The total estimated background from this source 

is given in Table I ,(“’ along with a SO9 uncertainty which results from the 

amcertainty in the extrapolation and from the statistical error. 

V. Efficiencies and Rates 

The nrrmber of candidate events fomd and the estimated backgrounds are 

presented in Table I. A total of 36 opposite-sign dimunns remain after back- 

jmmd subtraction. In order to determine the rates,. the geometric acceptances 

for saqles of neutrino and antineutrino charged-current events and diruons 

hwe been calculated by Doving the events randomly about the bubble chamber, 

roighting them to give agreement with the observed spatial distribution of 

events, and rotating them randomly about the neutrino direction. The average 

acceptances for the samples were found to be 85 t 4% (v). 91 * 4% ($, and 

74 f St (dimuons). For the mixture of neutrino-induced and antineutrino- 

induced dimuon events, we define 

R . Rate (v + N + u-u*X) l Rate (G * N + Y*U-Xl 

Rate (V l N -. V-X) + Rate (; + N -. u*X) 
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Correcting for loss of dimuons due to leaving tracks missed in scanning (3%). 

the confidence level cut (6%). the cutting-back procedure to identify decays 

(A), and the geometric acceptance and instrumental inefficiency, we find 

if - (0.39 t 0.10) x 10 -2 
. 

This rate is for muons with maxentrrm greater than 4 GcV/c. 

In order to separate neutzino-induced and antineutrino-induced dimuon 

events. we define the muon with the largest transverse momentum relative to 

al1 other non-muon tracks to be the primary p~uon (coming from the neutrino 

VCl-tCX). Oiar charm production and decay Monte Carlo (described below) predicts 

that this lrthod of selection is correct 95% (91%) of the tirpt for v (<) events. 

In Fig. 3, a plot of the transverse momentum of the primary muon versus that 

of the secondaxy muon is shown. Most events are well separated from the 

diagonal. where the choice is ambiguous. Al lowing for nisidentific*tion of 

the primary muon and subtracting backgrounds. we estimate that there are 

SO.3 p-u* events (neutrino-induced) and S. 7 u*p- events (antineutrino-induced) 

in the sample. Correcting for lost events and the detection efficiency 

(acceptance X in&mental efficiency) of muons above 4 GeV/c, WE find 

-* 
R - Rate (v + N + u-u’xl 

Rate (v + K -9 u-x) 

- (0.37 f 0.10) x 10-2 

+- 
R - Rate (; + N * “*u-X) 

Rate (; l N * u*X) 

- (0.5 f 0.3) x 10 -2 



-ll- 

According to our charm production and decay Monte Carlo. approximately 402 

of diauons have been lost because of the 4 &V/c muon mor.?ntw requirement. 

Taking this loss into accotmt. our R-• agrees with the corresponding U-e* 

rate measured in another experiment. (12) 0.5 ? 0.15. even though the energy 

spectra of the two beams are quite different. 

A ware direct comparison can be made with the diauon experiment of 

Ref. 4. which presents R‘* *s * frnction of neutrino energy. Their dimuon 

scceptmce is determined primarily by their 4.5 GeV/c muon ramentum requirc- 

mt, which is very similar to our mmentum requirement. Using their data. 

we have calculated what R-• we would expect for our energy spectrum urd find 

. value of 0.35 f 0.04. This is in excellent agreement with our measurement. 

evm though the systematic uncertainties of the two experiments are quite 

different. Dividing our events into two energy regions. we find R(Eu < 100 

GeV’ = (0.30 t 0.10) X 1O-2 and R(E ” > 100 GeV) * (0.55 t 0.18). These 91b 

also in excellent agmocnt with Ref. 4. The difference in R in these two energy 

regions may be attributed primarily to the 4 @f/c murm momentum requirement. 

Ihs saw-sign dimwn candidates arc consistent with being a11 background. 

Ihe 90% confidence level upper limit for the nu&er ,of actual p-u- events is 

6.6. Ihe 90% con%dena limit for the ratio of u-u- events to p-v* events 

(R--/R-*) is 0.27. This is not in disagreement with the ratio of 0.06 i 0.05 

(0.12 f 0.05 for muon moDmtum above 10 C&‘/c) quoted in Ref. 5. 

Of special interest is the strange particle rate in the dimuon events 

since in the charm model an enhanced rate is expected. lltere me 10 V” events 

yielding good 3-constraint kinematic fits in the sample of opposite-sign dim 

cnnts. Their characteristics are presented in Table II. NI of the V’*s 



unnabiguously fit K” or A’, giving a tot*1 of 8 r-s 

ad 2 ,j’*s for a raw V” rate of 19 ? St in the dimuon sqle (including back- 

ground). In order to correct for detection efficiency, we weight each event 

by the reciprocal of its detection probability including EMI acceptance and 

such effects as interaction before decay and decays too close to the primary 

vertex (1 cm), outside the chamber. or too close to the wall of the bubble 

chamber (20 cm). p*s are required to be 1 cm fraa the primary vertex because 

of the acertain detection efficiency for V’*s closer than this. We assure 

100% effjciency beyond this distance for dimuon events. Two V’*s decay within 

1 cm of the primary vertex, so no weight is calculated for them. Another two 

V’*s have relatively high weights because their high momenta (39 and 55 Cd/c) 

give large probabilities of leaving the bubble chamber before decay. 

A sqle of neutrino charged-current events has been used to determine 

the p amtent of the bnckgmund events. For each event, we have calculated 

l background probability which is the sun of the decay probability and plmch 

thru probability sunmed over all leaving tracks in the event. The V” fraction 

for background events is given by the sum of the background probabilities of 

the p events divided by the SLP of the backgmund prob&ilities of all events. 

lhe raw p frscticn in the backgrormd events is found to be 11 * 2% per event, 

rhich is not vey different from the V” fraction in the neutrino charged-current 

sample, 10.5 t 1.5%. The dimuon sample has a higher V” rate. even before 

correcting for background. Subtracting background. weighting for detection, 

utd correcting for unseen. decays. we find a ratio (&X/wX) of 0.6 r 0.3. 

lllihis is in good agreement vith the corrected V” ratio of 0.6 ¶C 0.2 in ye 

*vents of Ref. 12. 
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VI. Experimental Distributions and Comparison with Charm Model 

The dimuon events and an unbiased sample of charged-current events have 

been measured fully. including neutral interactions, decays, and all converted 

g- within two radiation lengths of the primary vertex.’ ‘Ihe neutrino 

en-x~. E,, is estimated by sunming the momenta along the neutrino direction. 

An average correction to account for missing neutrals is applied to the swn 

of the longitudinal momentum of all tracks other than the primary muon, Pz. 

me correction’21) was determined from the imbalance of the mean transverse 

momentus of the primary muon end the mean transverse momentum of all other 

tracks as a function of Pi and is well paratrized by 

‘:I cortected 
- A P”, l 6, 

where A* 1.16 f 0.03 and B= 3.3 * 0.5 G&‘/c for the sample of neutrino charged- 

current events and A = 1.28 t 0.06 and B = 2.1 f 1.6 GeV/c for the dimwn ennts. 

lbe multiplicative correction is higher for dinurns. indicating a greater 

missing energy, but the macertainties are large. 

The correction obtained for the charged--nt events sprees well with 

tJm result of P test of the energy resolution of the bubble chamber using 

25 GeV z-‘s on a somewhati denser neon-hydmgen mixture. The bubble chamber 

measured on the average 87 * 2% of the incident pion energy. 

For the distributions, we have identified neutrino-induced and antineutrino- 

induced dimon ewnts using a method similar to the separation method discussed 

earlier. In order to reduce the background due to misidentified II-U* events. 

we require for an event to be called a y+y- event that the trans”erse momentum 

of the ; mast be 1.4 GeV/c greater than that of the y-. The sanples selected 

in this manner have approximately the same purity. 
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m contribution to each distribution from background events in the 

d&mm sample has been calculated from the CC sample. weighting each event 

by the punch thru and decay probabilities sllllnrd over all tracks. 

In order to compare our ezperiwntal data with what is elpccted on the 

basis of a charm model, we have written a Honte Carlo program based on that 

of Ref. 22. me program simulates the production of a charmed quark either 

by a ncutrino or mtineutrino, allowing the quark to fragment into a charmd 

b&cm, which in turn decays semileptonicaIly producing the second mm. 

QlMed quarks an rssllrd to be produced from d-quarks (sin*SJ and s-quarks 

(cor2Sc) by neutrinos, and only from 3-quarks (cos2Bc) by antineutrinos. The 

quark helicities iqlied by these couplings predict flat y-distributions 

(y = v/E”, v - EV-E,,l. *here E,,l is the energy of the prioary muon) for both 

natrim- and antineutrino-induced dimuons. apart fram threshold effects ad 

l xprirnta1 cuts. Scaling is assumed to hold (this is approximtely true in 

norul charged-current interactions), but because of the mass correctim io 

the ligbt-to-heavy quark transition, the effective scaling variable becors 

ulrere me is the effective mass of the charmed quark (taken to be 1.5 GeV/c2), 

s is the nucleon mass. and x is the normal scaling variable (x = 9*/2 y#v,- 

After production (mless otherwise noted), the charmed quark is allowed to 

fragmt into a charmed hrdron with a uniform fragmtotim function, D(r) I 

constant. where L is the energy of the charmd hadrm divided by the energy 

of the charmed quark. Ye will also make cmparison with other fzagacntttim 
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fuwtions. The charmed hrdmn is ginn a transverse morntu xelatirc to the 

dirwtion of the charmed quark according to the distribution 5 = e 
v -6 PA*== 

. 

@A 
The &cay process is approximated by the reaction. 

tiers the Cabibbo suppressed modes have been ignored. ‘Ihe predictions of the 

Warte Carlo are insensitive to the detailed assumptions. (22) me 4 &V/c - 

mmmtu cut is also applied to Monte Carlo generated events. 

In Figs. 4, 5. and 6, the energy distributions of the primary and secondary 

- and the eneru as-try distribution. 7 - (E -E 
Yl lu 

)/(E rl*Eu2). == sh-. 

along with the s1p of the nDnte Carlo and background predictions. The sg-t 

is vary good. In Fig. 7, the total energy (corrected) distribution md predicted 

dirtributim of tha events is shown. Note the lack of lac energy ewnts. 

reflecting the cabined effects of chm threshold and the 4 &V/c - wmentfl 

nqldrsmc. The Lam ncutrino peak is clearly visible. Figure g sboas the 

x-dirtribution. It agrees well with the predicted distribution, being nurser 

rhu, fat a events. me em x for cc events is 0.23 t 0.01. tile ti WU~ x 

for di- events is 0.17 * 0.02. We present the y-distributim in Fig. 9. 

It shcas P depletion of ewnts at low and high y due to the charrd quark 

tbresbold combined with our 4 GeV/c muon momentu requinmr. For colplateners 

the Q2. four-momtu transfer squared, and U, hadron invariant mass. distri- 

butions me show in Figs. 10 and 11. The invariant uss distribution of the 

two -s is presented in Fig. 12. It is broad with IIQ narrow paks. cmwistent 
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with a separate source for the two IWW”S. In Fig. 13. the distribution in +, 

the mgle between the momentum vectors of rhe two muons projected Onto the 

plane perpendicular to the neutrino direction, is shcun. The usual anti- 

eomlrtion, peaking at 180’ in agreement with the predicted distribution. 

is seen confirming the hadronic source of the second muon. The lack of a 

psk at Do demonstrates no large source of heavy leptons. 

In Fig. 14, the momentum distribution of the second muon perpendicular 

to the plane formed by the primary muon and neutrino is shown. It appears to 

be somewhat broader than the same distribution for hadrons in CC evints and 

the Monte Carlo distribution based on the quark decay model. We present the 

charged particle multiplicity in Fig. 15. 

The distribution in z 
Y2’ 

where s = E 
Y2 Y2 

Iv. is shown in Fig. 16. This 

distribution is quite sensitive to the form of the fragmenration fraction of the 

charred quark into a cbarprd hadron; it doesn’t measure the fragwntntion function 

directly since the decay muon carries only a fraction of the charmed hadron energy. 

The data are in good agreelacnt with the Monte Carlo distribution based on a 

tmifmm fragmentation function. which is used to generate our other distri- 

butions, but also agree nicely with a z(l+r) distribution. Agreement with a 

r-‘(1-z) distribution is poor as with other distributions which fall this 

rapidly. See Ref. 22 for P more complete discussion of fragmentation models. 

In Fig. 17, the qlark fragmentation distributions of all positive tracks, 

oegatin tracks. and V”‘s from y-y’ dimuon events are shown. The contribution 

of the second moon to the distribution of positive tracks is shaded. FOI- 

co~r~son the s- distributions are shown for hadrons from CC events. The 

distribution of positive tracks from dimwn events falls more slowly than those 

fm IIO~JI CC e~e”t~. PS expected from the fragnentation function discussed 

above. 



Finally in Table III, we calculate the neans of the distributions 

presented in the figures and compare them with those predicted by the Monte 

CarlO. The agreement is good, as is the agreement between the predicted 

distributions and the observed distributions shown in all figures, consistent 

with the charm production and decay model for the dimuon events. We point 

out. however, that the distributions for dimuons and the distributions of 

the backgmund events are similar. 

VII. Slmpaq and Conclusions 

We have presented results on a sample of 54 opposite-sign dimoons and 

8.like-sign dimuons (p-p-) obtained from a 326.000 picture exposure of the 

Fermilab 15’ Bubble Chamber to the Quadrupole Triplet Neutrino &am. ‘llx 

like-sign dimuons are consistent with background. Subtracting bockgroamd, 

r estLate a dimuon to single muon ratio of (0.39 f 0.10) X X0-’ for events 

with -s above 4 GeV/c. Separating the v-induced and the c-induced dimucms 

m the basis of the transverse momentum of the mwns relative to a11 non-mum 

tra&s, we find dimuon to single muon ratios of (0.37 + 0.10) x lo-* and 

(0.5 f 0.3) x lo-2 respectively for a muon -ntum cut of 4 GeV/c. 

The opposite-sign dimuon events contain 10 V**s. Correcting for back- 

ground. dctcction efficiency, and mseen decays, we obtain a neutral strange 

prrticle rate per dimuon event of 0.6 t 0.3. 

Lastly we hove compared distributions with predicted distributions 

based on a charm production and decay Monte Carlo. The agreerent is good, 

md no evidence is seen for heavy lepton production. 
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Table Captions 

Table I Dimwn candidates and backgrounds (muon -nta > 4 GeV/c). 

Table Xl Summary of V* characteristics for opposite-sign diwons. 

Events with weight of rem occur within 1 cm of primary 

vertex. 

Table III Comparison of oean values for neutrino induced dimuons (p-v*), 

lbnte Carlo dimuon events, and neutrino charged-curren t events. 

llw? dimsm mean is calculated from the sample mean and the 

bxkgromd ran. Numbers marked with l are calculated using 

badrons with P > 4 G&/c. 
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Table I 

!!I2 Y +lJ- 6 u-u’ iy- 

Events 0 54 8 

s and K Decays 0.9 f 0.2 11.7 f 2.3 4.0 * 0.8 

Pmch Thru 0.2 f 0.1 6.2 f 3.1 2.7 f 1.3 

llat sign01 -1.1 f 1.0 36.1 f 8.3 1.3 f 3.2 
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Figure Captions 

Fig. Plan and elevation views of the Fermilab 15’ Bubble Chamber. 

Internal Picket Fence (IPF). and Two-Plane External Muon Identifier. 

The partial IPF was tested during this experiment but was not used 

in this analysis. 

w Neutrino spectrrrm (arbitrary scale). The curves are for 400 GeV/c 

protons incident on the target with the Quadrupole Triplet set to 

focus 200 f&V/c positive secondaries. 

w Plot showing the transverse momentum relative to all non-muon tracks 

of the primary muon versus that of the secondary muon. For this 

plot the primay muon, meaning the one coming from the neutrino 

vertex. is chosen as the muon with the largest value of this 

transverse momentum. Circles are for events where the primary 

mmn is negative; crosses (+) are for events where the primary 

- is positive. For events near the diagonal (between dashed 

lines), the selection is ambiguous. For these ambiguous events 

on all other plots, we select the negative moon as the primary one. 

pil. Nu&er of events (weighted) versus the energy of the primary muon. 

Shaded events are those selected as antineutrino induced. the f&Xl 

histogram is the total of neutrino and antineutrino induced events. 

lke lower smooth curve (. . .) is the predicted distribution of events 

obtained from the Monte Carlo and normalized to the estimated number 

of dimuons in the sample. The upper curve (---) is the sum of the 

Monte Carlo distribution and the predicted distribution of background 

events normalized to the total nunber of events. 
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16 Fig. 

Number of events (weighted) versus the energy of the secondary muon. 

N&r of events (weighted) versus energy asymmetry. r = (E,,,-E,,2)/ 

(E,,l*Ewl. 

Number of events (weighted) versus corrected neutrino energy. 

N&r of events (weighted) versus x. x - Q2/2Ng. uhsre Q2 is 

the four-mcntum transfer squared. MN is the nucleon mass. and 

u=E-E 
v ul"' 

Number of events (weighted) versus y. where y = v/Eva 

Nuber of events (weighted) versus Qt. the four-momentum transfer 

squared. 

Nuber of events (weighted) versus Y, the invariant as of the 

hdmn system. 

Nuder of events (weighted) versus the dimon invariant mass. 

Nllber of events (wei.&ted) versus 0, the angle between the two 

- in a plane perpendicular to the neutrino direction. 

lbe n&r of events (weighted) versus the -"tom of the second 

mm perpendiculrr to the plane forrd by the neutrino and the 

primary maon. The (broken) lines have the I- interpretation 

as in previous plots. Tbe solid con% is the distribution of 

-ntnm perpendicular to the Y-V plane for hsdrons above 4 Cd/c 

from our charged-curmxt events. 

The n&r of events (weighted) versus the nuder of charged tracks. 

The smooth curve is the charged multiplicity distribution of the 

charged-current events. 

Number of events (weighted) versus zy2, where :v2 = Ey2/v. Also 

shorn are the Uonte Carlo predictions for a uniform fragmtatim 
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17 Fig. 

fmctim (signified by dashed curve), which is used to pnemte Our 

other distributions. a z (l+r) distribution (solid curvy). md l 

z-l (1-z) distribution (dash-&t cum). 

lhe distribution in z (t = E/V) of (a) V’*s. @) ncgatirely-charpd 

tracks, and (c) positively-charged tracks in ncutrino-induced dimxm 

events. The contributions of AD’s in (a) and of the ssc~~&ry M 

in (c) are shorn shaded. The smoch curves me the corresponding 

z distributions from v charged-current evmtS. 
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